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DETAILED ACTION 



Claim Rejections - 35 USC §112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claim 56 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Claim 56 recites the limitation "the first flowing step", "the first purging step", "the 
second flowing step" and "the second purging step" in lines 1-2. There is insufficient 
antecedent basis for this limitation in the claim. Further, the claim is currently 
dependent upon itself. The claim has not been treated further on its merits. 



Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

Claims 1, 2, 10 and 11 are rejected under 35 U.S.C. 102(a) as being anticipated 
by Leu et al. (6,605,549 B2). 
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As to claim 1, Leu et al. teach an ALD process for forming a metal nitride layer 
on a patterned substrate. Specifically, Leu et al. teach a titanium nitride layer deposited 
using TDMAT and ammonia gaseous precursors. It is noted that since the process of 
Leu et al. is ALD (atomic layer deposition), Leu et all teaches applicant's steps (b), (d), 
(f) and (g). See column 6, lines 30-59. 

As to claim 2, Leu et al. teach the temperature to be 380 degrees Celsius and a 
pressure of 1 Torr. 

As to claim 10, Leu et al. teach the metal nitride layer ot have a thickness of 50- 
1000 Angstroms. 

As to claim 11, Leu et al. teach an ALD process for forming a metal nitride layer 
on a patterned substrate. Specifically, Leu et al. teach a titanium nitride layer deposited 
using TDMAT and ammonia gaseous precursors. It is noted that since the process of 
Leu et al. is ALD (atomic layer deposition), Leu et all teaches applicant's steps (b), (d), 
(f) and (g). See column 6, lines 30-59. 



Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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Claims 5, 7 and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Leu al. (6,605,549 B2). 

As to claim 5: Leu et al. teach a metal precursor gas flowed into a chamber, but 
do not teach a flow rate of 500-10000 seem for a period of 0.1-3 seconds; As to claim 7: 
Leu et al. teach nitrogen used as an inert gas purge, but do not teach a flow rate of 500- 
100000 seem for a period of 0.1-10 seconds; As to claim 8: Leu et al. teach ammonia 
as the nitrogen reactant pulsed but do not teach a flow rate of 500-10000 seem for a 
period of 0.1-3 seconds. The examiner notes that applicant does not teach that the flow 
rates and pulse times as claimed solve any stated problem or are for any particular 
purpose. Therefore, the flow rates and pulse times lack criticality in the claimed 
invention and therefore do not produce unexpected or novel results. It would have been 
obvious to one of ordinary skill in the ad at the time the invention was made to utilize the 
cited flow rates and pulse times because it is a matter of determining optimum process 
conditions by routine experimentation with a limited number of species of result effective 
variables. These claims are prima facie obvious without showing that the claimed 
ranges achieve unexpected results relative to the prior art range. In re Woodruff, 16 
USPQ 2d 1935, 1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ 2d 1685, 1688 
(Fed. Cir. 1996)(claimed ranges or a result effective variable, which do not overlap the 
prior art ranges, are unpatentable unless they produce a new and unexpected result 
which is different in kind and not merely in degree from the results of the prior art. See 
also In re Boesch, 205 USPQ 21 5 (CCPA) (discovery of optimum value of result 
effective variable in known process is ordinarily within skill or art) and In re Aller, 105 
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USPQ 233 (CCPA 1995) (selection of optimum ranges within prior art general 
conditions is obvious). 
// 

Claim 6 is rejected under 35 U.S.C. 103(a) as being unpatentable over Leu al. 
(6,605,549 B2) as applied to claim 1 above, and further in view of Vaartstra (6,784,049 
B2). 

As to claim 6, Leu et al. teach a metal nitride ALD process as noted above for 
claim 1 but do not teach an inert gas used to transport a precursor gas into an ALD 
process chamber at a flow rate of 500-10000 seem. However, Vaartstra teaches using 
an inert gas (such as nitrogen, helium and argon) used to transport a precursor gas, as 
noted in column 8, lines 35-44. It would have been obvious to a person of ordinary skill 
in the art at the time the invention was made to modify the method of Leu et al. with an 
inert gas transport as taught by Vaartstra so as to maintain proper flow of precursor gas 
into the process chamber. While Vaartstra does not teach the specified flow rate of 
500-10000 seem, the examiner notes that applicant does not teach that the flow rate as 
claimed solves any stated problem or is for any particular purpose. Therefore, the flow 
rate lacks criticality in the claimed invention and therefore does not produce unexpected 
or novel results. It would have been obvious to one of ordinary skill in the art at the time 
the invention was made to utilize the cited flow rate because it is a matter of determining 
optimum process conditions by routine experimentation with a limited number of species 
of result effective variables. These claims are prima facie obvious without showing that 
the claimed ranges achieve unexpected results relative to the prior art range. In re 
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Woodruff, 16 USPQ 2d 1935, 1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ 2d 
1685, 1688 (Fed. Cir. 1996)(claimed ranges or a result effective variable, which do not 
overlap the prior art ranges, are unpatentable unless they produce a new and 
unexpected result which is different in kind and not merely in degree from the results of 
the prior art. See also In re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum 
value of result effective variable in known process is ordinarily within skill or art) and In 
re Aller, 105 USPQ 233 (CCPA 1995) (selection of optimum ranges within prior art 
general conditions is obvious). 
// 

Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Leu et al. 
(6,605,549 B2) as applied to claim 8 above, and further in view of Meng et al. 
(6,967,154 B2). 

As to claim 9, Leu et al. teach a nitrogen reactant and a metal precursor reacting 
to form a metal nitride, as noted above for claims 1 and 8. Leu et al. do not teach a 
plasma to assist in the reaction between the two. However, Meng et al. teach an ALD 
process to deposit a metal nitride wherein plasma is used to assist the deposition (see 
abstract). It would have been obvious to a person of ordinary skill in the art at the time 
the invention was made to modify the method of Leu et al. with a plasma assist as 
taught by Meng et al. to assist in dissociating the gas materials to enhance the reaction 
and deposition process. 

// 
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Claims 12, 13 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Leu et al. (6,605,549 B2) in view of Choi et al. (6,81 5,285 B2). 

As to claim 12, Leu et al. is cited (as noted above for similar claim 1 ) for teaching 
an ALD process of forming titanium nitride, which is applicant's steps (a) through (g), 
including the use of TDMAT and ammonia as the source gas precursors for titanium 
and nitrogen. Leu et al. do not teach planarization of the metal nitride layer. However, 
Choi et al. teach a metal nitride deposition process utilizing ALD, wherein the metal 
nitride is planarized (see figures 10 and 11). It would have been obvious to a person of 
ordinary skill in the art at the time the invention was made to modify the method of Leu 
et al. with planarization as taught by Choi et al. so as to provide for a method of 
removing unwanted and excess material. 

As to claim 13, Leu et al. teach the dielectric layer being a low k dielectric layer 
and having a thickness of 500-50000 Angstroms. See column 8, lines 6-23. 

As to claim 15, Leu et al. teach the temperature to be 380 degrees Celsius and a 
pressure of 1 Torr. 

// 

Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over Leu al. 
(6,605,549 B2) in view of Choi et al. (6,815,285 B2). 

As to claim 14: Leu et al. and Choi et al. teach a metal nitride ALD process as 
noted above for claim 12 to fill an opening (via), but do not teach wherein the opening 
(via) has a width of 100 nm or less. The examiner notes that applicant does not teach 
that the opening width as claimed solves any stated problem or is for any particular 
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purpose. Therefore, the opening width lacks criticality in the claimed invention and 
therefore does not produce unexpected or novel results. It would have been obvious to 
one of ordinary skill in the art at the time the invention was made to utilize the cited 
opening width because it is a matter of determining optimum process conditions by 
routine experimentation with a limited number of species of result effective variables. 
These claims are prima facie obvious without showing that the claimed ranges achieve 
unexpected results relative to the prior art range. In re Woodruff, 16 USPQ 2d 1935, 
1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ 2d 1685, 1688 (Fed. Cir. 
1996)(claimed ranges or a result effective variable, which do not overlap the prior art 
ranges, are unpatentable unless they produce a new and unexpected result which is 
different in kind and not merely in degree from the results of the prior art. See also In re 
Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective variable 
in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 (CCPA 
1995) (selection of optimum ranges within prior art general conditions is obvious). 
// 

Claims 18, 20 and 21 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Leu al. (6,605,549 B2) in view of Choi et al. (6,81 5,285 B2). 

As to claim 18: Leu et al. and Choi et al. teach a metal precursor gas flowed into 
a chamber as noted above for claim 12, but do not teach a flow rate of 500-10000 seem 
for a period of 0.1-3 seconds; As to claim 20: Leu et al. and Choi et al. teach nitrogen 
used as an inert gas purge as noted above for claim 12, but do not teach a flow rate of 
500-100000 seem for a period of 0.1-10 seconds; As to claim 21: Leu et al. and Choi et 



\ 
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al. teach ammonia as the nitrogen reactant pulsed as noted above for claim 12, but do 
not teach a flow rate of 500-10000 seem for a period of 0.1-3 seconds. The examiner 
notes that applicant does not teach that the flow rates and pulse times as claimed solve 
any stated problem or are for any particular purpose. Therefore, the flow rates and 
pulse times lack criticality in the claimed invention and therefore do not produce 
unexpected or novel results. It would have been obvious to one of ordinary skill in the 
art at the time the invention was made to utilize the cited flow rates and pulse times 
because it is a matter of determining optimum process conditions by routine 
experimentation with a limited number of species of result effective variables. These 
claims are prima facie obvious without showing that the claimed ranges achieve 
unexpected results relative to the prior art range. In re Woodruff, 16 USPQ 2d 1935, 
1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ 2d 1685, 1688 (Fed. Cir. 
1996)(claimed ranges or a result effective variable, which do not overlap the prior art 
ranges, are unpatentable unless they produce a new and unexpected result which is 
different in kind and not merely in degree from the results of the prior art. See also In re 
Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective variable 
in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233 (CCPA 
1995) (selection of optimum ranges within prior art general conditions is obvious). 
// 

Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Leu al. 
(6,605,549 B2) and Choi et al. (6,815,285 B2) as applied to claim 12 above, and further 
in view of Vaartstra (6,784,049 B2). 
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As to claim 19, Leu et al. and Choi et al. teach a metal nitride ALD process as 
noted above for claim 1 but do not teach an inert gas used to transport a precursor gas 
into an ALD process chamber at a flow rate of 500-10000 seem. However, Vaartstra 
teaches using an inert gas (such as nitrogen, helium and argon) used to transport a 
precursor gas, as noted in column 8, lines 35-44. It would have been obvious to a 
person of ordinary skill in the art at the time the invention was made to modify the 
method of Leu et al. and Choi et al. with an inert gas transport as taught by Vaartstra so 
as to maintain proper flow of precursor gas into the process chamber. While Vaartstra 
does not teach the specified flow rate of 500-10000 seem, the examiner notes that 
applicant does not teach that the flow rate as claimed solves any stated problem or is 
for any particular purpose. Therefore, the flow rate lacks criticality in the claimed 
invention and therefore does not produce unexpected or novel results. It would have 
been obvious to one of ordinary skill in the art at the time the invention was made to 
utilize the cited flow rate because it is a matter of determining optimum process 
conditions by routine experimentation with a limited number of species of result effective 
variables. These claims are prima facie obvious without showing that the claimed 
ranges achieve unexpected results relative to the prior art range. In re Woodruff, 16 
USPQ 2d 1935, 1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ 2d 1685, 1688 
(Fed. Cir. 1996)(claimed ranges or a result effective variable, which do not overlap the 
prior art ranges, are unpatentable unless they produce a new and unexpected result 
which is different in kind and not merely in degree from the results of the prior art. See 
also In re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result 
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effective variable in known process is ordinarily within skill or art) and In re Aller, 105 
USPQ 233 (CCPA 1995) (selection of optimum ranges within prior art general 
conditions is obvious). 
// 

Claim 22 is rejected under 35 U.S.C. 103(a) as being unpatentable over Leu et 
al. (6,605,549 B2) and Choi et al. (6,815,285 B2) as applied to claim 21 above, and 
further in view of Meng et al. (6,967,154 B2). 

As to claim 22, Leu et al. and Choi et al. teach a nitrogen reactant and a metal 
precursor reacting to form a metal nitride, as noted above for claims 1 and 8. Leu et al. 
and Choi et a. do not teach a plasma to assist in the reaction between the two. 
However, Meng et al. teach an ALD process to deposit a metal nitride wherein plasma 
is used to assist the deposition (see abstract). It would have been obvious to a person 
of ordinary skill in the art at the time the invention was made to modify the method of 
Leu et al. and Choi et al. with a plasma assist as taught by Meng et al. to assist in 
dissociating the gas materials to enhance the reaction and deposition process. 

// 

Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over Leu et 
al. (6,605,549 B2) and Choi et al. (6,815,285 B2) as applied to claim 12 above, and 
further in view of Cao et al. (6,972,267 B2). 

As to claim 23, Leu et al. and Choi et al. teach a method of metal nitride ALD as 
noted above for claim 12, but do not teach measuring a thickness of the metal nitride 
layer. However, Cao et al. teach measuring the thickness of a metal nitride layer (see 
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figure 8, step 116 and column 7, line 15 et seq.). It would have been obvious to a 
person of ordinary skill in the art at the time the invention was made to modify the 
method of Leu et al. and Choi et al. with a measurement step as taught by Cao et al. so 
as to stop the process as soon as a desired thickness is achieved which would prevent 
any unnecessary waste of materials being used to build the layer. 
// 

Claim 24 is rejected under 35 U.S.C. 103(a) as being unpatentable over Leu et 
al. (6,605,549 B2) and Choi et al. (6,815,285 B2) as applied to claim 12 above, and 
further in view of examiner's official notice. 

As to claim 24, Leu et al. and Choi et al. teach a method of metal nitride ALD as 
noted above for claim 12, and Choi et al. further teach planarization of the metal nitride. 
However, Choi et al. does not specifically teach chemical mechanical polishing (CMP) 
to achieve the planarization. However, it is notoriously well known in the art of 
semiconductor manufacturing to use CMP to achieve a planar surface, and it would 
have been obvious to a person of ordinary skill in the art to use CMP to achieve a 
planar surface and o remove unwanted excess material. 

// 

Claims 52-55 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Leu et al. (6,605,549 B2) in view of Choi et al. (6,81 5,285 B2). 

As to claim 52, Leu et al. teach providing a substrate with a conductive layer 
within the substrate, formation of a dielectric layer atop the substrate and formation of 
an opening within the dielectric layer as shown in figures 4A-4C. Leu et al. further teach 
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an ALD process to fill the opening with a titanium nitride material using TDMAT as a 
precursor for titanium. Leu et al. do not teach planarizing of the titanium nitride layer. 
However, However, Choi et al. teach a metal nitride deposition process utilizing ALD, 
wherein the metal nitride is planarized (see figures 10 and 11). It would have been 
obvious to a person of ordinary skill in the art at the time the invention was made to 
modify the method of Leu et al. with planarization as taught by Choi et al. so as to 
provide for a method of removing unwanted and excess material. 

As to claims 53-55, it is noted that both Leu et al. and Choi et al. teach an ALD 
process. Therefore, both Leu et al. and Choi et al. necessarily teach a plurality of metal 
nitride monolayers as recited in claim 53, each of the metal nitride layers comprising at 
least one metal and one nitrogen as recited in claim 54 and the purging processes as 
recited in claim 55, since the ALD process necessarily results in these limitations. 

Response to Arguments 

Applicant's arguments with respect to claims 1 , 2, 5-15 and 18-24 have been 
considered but are moot in view of the new ground(s) of rejection. 

Conclusion 

The following reference is cited as being particularly relevant to the applicant's 
invention: Zheng (6,653,199 B2). 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Scott Geyer whose telephone number is (571 ) 272- 
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1958. The examiner can normally be reached on weekdays, between 10:00am - 
6:30pm. If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Michael Lebentritt can be reached on (571 ) 272-1873. The fax 
phone number for the organization where this application or proceeding is assigned is 
571-273-8300. Information regarding the status of an application may be obtained from 
the Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



SBG 

September 19, 2006 



SCOTT B.GEYER 
PRIMARY EXAMINER 




